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PREFACE 



Introductory 

The Sphutacandrapti of the renowned mediaeval astronomer of 
Kerala, MSdhava of Sangamagrama (c. A.D. 1340-1425), critically 
edited here for the first time, enunciates an ingenious method for 
the computation of the True Moon. Besides being the fastest graha, 
the Moon has also the maximum changes in its motion, with the result 
that its position if calculated on the basis of its position at sunrise 
and/or at sunset and its average motion for the day would give only 
rough results. Madhava describes in the present work the construction 
of a Chart from which the True Moon could be read out at intervals 
of about 40 minutes each throughout the day. The Chart is also so 
designed that, with minor changes, it could be used for the succeeding 
days as well. 

The Present Edition 

The critical edition of Sphutacandrapti, presented in the 
following pages, is based on its only available manuscript. For 
facilitating the comprehension of this technical treatise, an English 
rendering has been added on pages facing the text. In the foot- 
notes to the edition, an endeavour has been made to derive the several 
formulae enunciated by the author for the computation. The 
principles underlying the method have been set out in detail in the 
Introduction that follows this Preface. A concrete example has also 
been worked out in order to demonstrate the calculations. 

Moon-sentences 

For ensuring accuracy in the above, it is essential that the daily 
motion of the Moon used for the calculations is very accurate. The 
Moon-sentences of Vararuci, which are ordinarily used in Kerala 
astronomical practice, 1 are correct only to the minute and so can give 
only rough results. M3dhava has, therefore, computed in place of 
the above, more sophisticated Moon-sentences, correct to the second, 
for nine anomalistic cycles of the Moon (248 days) and set them out 



1. For a critical edition of these Moon-sentences called Girnah dreyadi 
Candravakyani Vararuci-kftani, see Vakyakarana, (Cr. ed. by T. S. K. Sastri 
and K. V. Sarma, K. S. Res. Inst , Madras-4, 1962), App. II, pp. 125-34. 



8 



COMPUTATION OF TRUE MOON 



in the form of a Table. A critical edition of this Table, which begins 
with the sentence silam rdjnah sriye> has been added to the present 
edition as Appendix I. 

Verification of the Sentences 

The said Moon-sentences are ad hoc mnemonic expressions, 
independent of each other and having no contextual sequence. Quite 
often, they do not have any logical sense either. This nature of these 
sentences, apart from creating conditions for errors to creep in, also 
debars the correction of such errors with reference to the context or 
grammar. The same holds good mutatis mutandis in the verification 
of doubtful readings. Two methods have been enunciated in the 
manuscripts of these Sentences for the correction of errors and 
for the clarification of doubts. These methods have been duly 
noticed at the close of the edition of the Sentences and have been 
demonstrated by concrete examples. 

Manuscript Material 

Text : The present edition of Sphutacandrdpti is based on its 
only available manuscript which originally belonged to the collection 
of the NampQtiri brahman house of Kntallur Mana in S. Malabar 
(Kerala) and is now deposited in the Kerala University Oriental 
Research Institute and Mss. Library, Trivandrum, as its Ms. No. 1055- 
A, The work is inscribed in Malayalam script on the first two folios 
of this palm-leaf codex of Jyotisa works, 10i"x2|\ with 11 lines a 
page and about 45 letters per line. The mansucript is old and slightly 
damaged and the edges are all frayed. The writing is small, clear 
and inked. It has passed through the hands of a revisor whose 
corrections can be identified by their not being inked. The text 
presented is generally correct and free from errors. Besides the 
Sphuiacandrapti, which is catalogued as A, the codex contains the 
undermentioned works : B. Muhartadipaka by Narayana, son of 
Kesava ; C. Muhnrtaratna by Govinda ; D. Acarasahgraha by 
Paramesvara ; E. Sodas akriyavidhi ; F. MuhurtapancdSika ; G. 
Acaradariana and H. Muhurtdstaka. 

Moon-Sentences : The edition of MSdhava's Moon-sentences 
{Viliptadi-Candravakyani) is based on four independent manuscripts, 
called here A, B, C, D, all in palm-leaf, inscribed in Malayalam 
script. Of these, A, which is taken as the standard in this edition 
on account of its textual purity, and C belong to the Oriental 
Research Institute and Manuscripts Library, Kerala University, 



PfcEFACE 



Trivandrum, being Mss. Nos. MC. 595-A (catalogued as ViliptSdi 
vakyahhgal) and C. 2297-C, an uncataiogued stray leaf at the 
end. Ms. B belongs to H. H. The Maharaja's Palace Collection. 
Trivandrum, and is inscribed on a few stray uncataiogued leaves 
at the end of Ms. No. 4116, Drggamtakrama. Ms. D occurs as the 
third work in a codex of astronomical works beginning with the 
Pancabodha preserved in the private collection of Elamprakkotattu 
Mana, Eravoor (near Tripunithura, Cochin) and carries the inscription 
'Kutallur Meletattu PancabodhndV indicating that it originally be- 
longed to the Namputiri house of Kutallur Meletattu in S. Malabar. 

Mss. A, B and D are complete, while C breaks off in the middle 
of the 31st vakya, the rest of the leaves being lost. All the manus- 
cripts exhibit minor differences from one another and sometimes 
present entirely different vakyas, but to the same import. Possibly, 
these variants go back to the author himself. 

Appendices II and III 

In continuation of the Sphutacandrapti, the text manuscript 
contains two short tracts. The first depicts the Yuga-bhoga-dhruvas. 
(Zero-corrections per aeon) of the planets correct to l/60th of a 
second. These verses, have been taken from the Grahacaranibandhana 
of Haridatta 1 and seem to have been extracted here for some practical 
use an account of their forming an independent unit. 

The second tract, which is more interesting, sets out large 
chunks of full days, ranging from 16,45,705 to 248 with their dhruva 
for the Moon correct to the second. These are obviously intended 
for the subtraction of days in chunks and correction of the results 
by the application of the corresponding dhruvas in the computation 
of the Moon. The dhruva of the last of these chunks, viz. 248 
(devah prajno nunam), is given as r — 27°— 43' -29", the mnemonic 
sentence therefor being dhiro'lam bhasuro jnani. This mnemonic 
resembles closely the corresponding mnemonic of Madhava's Moon- 
sentences, which reads as dhiragir bhasurci? indicating the possibility 
of common authorship. 

Both these tracts have been included in the present volume as 
Appendices II and III, in the form of Tables, with the numerical 
figures of the sentences duly set out against them. 



1. Ct. ed. by K.V. Sanaa, (K. S. Res. Inst., Madras-4, 1954), pp-3--4. - " 

2, See Appendix I, below. 
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Sphutacandrapti and Venvaroha 

The well-known Venvaroha of the author 1 deals with the same 
subject as the present work, but in a better organised manner. It 
incorporates most of the verses of the present work, often in an 
improved form. It seems very likely that the author wrote the present 
work first and recast it later as Venvaroha. This deduction is 
substantiated from another source. Now, in the present manuscript 
after the natural closing of the work with the verse silam rajnah sriye 
etc , are found, in continuation, the following lines : 

V3*rra '«Tg«i w<ff aaiwtfarat: i 

(corrected to m«rat5ft*r m) 

It may be seen that some of these lines are repetitions of earlier 
lines revised in the form in which they occur in the Venvaroha ; some 
of the lines depict new ideas not found in the present work, but 
pertinent to it and also find a place in the Venvaroha, thus confirming 
the suggestion that the Venvaroha in 75 verses is a revised version of 
the present work in 51 verses. 



I. Ct. ed. by K.V. Sarmft, (Tripunithuw, 1956), with the Maltyalttt 
commentary of Acyuta Flalrati. 
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Venvaroha Method for the Moon 

The facile method enunciated by Madhava for the computation 
of Moon seems to have caught the fancy of later astronomers who 
have pursued it further. They used fresh dates and revised figures 
for calculations and extended the method by introducing inno- 
vations with a view to securing greater accuracy. It has been possible 
for the present writer to identify the undermentioned texts of this 
genre, which are mostly anonymous. 1 

1. Drg-Venvarohakriya, in 14 verses, beginning with venvSroha- 
kriyn seyam drianitS'tra likhyate, an uncatalogued anonymous tract 
found inscribed on ff. 163-65 of Ms. 5867 of the Kerala University 
Oriental Res. Institute, Trivandrum. 

2. Venvarohastaka by Putumana Somayaji, in 8 verses beginning 
with 'rukso'yam kr uddhiffisyo' nita-kalidivasat, again an uncatalogued 
tract found in three folios towards the close of Ms. 404 of the said 
Institute. 

3. Snksmacandrasphutanayanam, in 15 verses, beginning with 
'teMtddhlksepi suryah 1 kalir atha, an anonymous tract found inscribed 
in some of the miscellaneous leaves at the end of a manuscript of 
Venvaroha in the private collection of the Elamprakkotattu Mana, 
Eravoor (Tripunithura, Kerala), with an incomplete commentary in 
Malayalam. 

The two tracts noticed below, found in the same codex in the 
said miscellaneous leaves, are also related to the Venvaroha : 

4. A short tract in 10 verses, beginning with suksmena dhruva- 
samskaraharakenodayajanmana. 

5. Another short tract in 8 verses, beginning with dhipatir- 
nalatulyo'nam 'sivaduta'hatam dinam. 

It is proposed to bring out a critical edition of these tracts also, 
in due course, along with the Venvhroha of Madhava. 



1- The identification of such works is a problem for the reason that these 
short tracts are, more often than not, found inscribed in stray leaves at the 
ends of manuscripts and are left uncatalogued as insignificant sets of verses 
which do not mak3 up full-fledged texts. Quite often all unidentifiable tracts at 
the ends of manuscripts are clubbed together in catalogues under innocuous 
titles like Gar^itakriya, dyotipavipayah etc. 
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Madhava, the Author 

Among the several astute astronomers of Kerala of the middle 
ages, Madhava of Sangamagrama holds a position of eminence. Till 
recently, he was unknown to the scholarly world, especially outside his 
native land. He hailed from the village of Sangamagrama, the 
modern Irinjalakkuda, near Cochin, in Central Kerala, the name of 
his house being IraHni ninna palli to be identified with one of the 
two still existing houses in the village, named Irinnanavalli and 
IrinnSrappalii. This information the author gives in his Venvdroha 
and is corroborated by his commentator Acyuta. 1 Madhava was 
the teacher of Paramesvara, (AD 1360-1455), the promulgator of 
the Drgganita school of Kerala astronomy and is frequently quoted in 
the mediaeval astronomical literature of Kerala with the appellation 
of Golavid ( 'Adept in Spherics' ). Thus Nilakantha Somayaji 
(I444.I545 A.D.), while referring to Paramesvara in his Aryabhapya- 
Bhusya says : Paramesvaras tu ... Madhavadibhyo 'Golavidbhyo' 
Ganita-gola-yuktir api bnlya eva samyag grhitxci ... . 2 Acyuta 
Pisarati uses the same appellation for Madhava in the introductory 
verse to his Sphutanirnaya : vande 'golavidaf ca Madhavamukhan etc 

Works of Madhava 

, The Venvaroha? depicting a facile method for the computation 
of the Moon and the Moon-sentences, 4 commencing with silam 



iT^TTJTfa hW Smfasramfr TW: U (verse 13) 
Com. in Malayalam . *Rto f^TT SffSlfafec^ ^ 

On this, see K.V. Sarma, Introduction to his edn. of Venvdroha., op. cit., 

pp.fc-7. 

2. Edn., Trivandrum Sanskrit Series, No. 185, p. 154. For other similar 
statements, see tfe., p. 75 ; tac ca Sangamagramajena 'Golatattvavi da Madhavena 
pradartitam; p. 108 : ata eva 'Golavid? Madhavena kgepavatam sphufapakramana- 
yane ganitavidepah pradarhtah 

3. Cr. ei. by K. V. Sarma, (Tripunithura. 1956), with the Malayalam 
commentary of Acyuta. 

4. Ed. as Appendix I, below, 
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rajnah sriye were the only works of Msdhava known till recently. It 
has been shown lately 1 that he is the author also of Lagnaprakarana 
in six chapters, Aganita, an extensive work on the computation of 
planets, using novel methodologies and two short tracts entitled 
MadhyamZinayanaprakara and MahajyMayanaprakclra. Still another 
work possibly composed by him is the Golavada, which seems to 
have helped to stabilise his appellation as 'Golavid*. Sphutacandrapti, 
edited here, is the latest addition to his works. 2 

Besides the said full-fledged works, a number of stray verses of 
Madhava are quoted by later astronomers like Nilakantha Somayaji, 
Narayana/ commentator of the Lilavati, Sankara, commentator of 
Tantrasahgraha etc. One of his significant contributions to mathe- 
matics, known from these quotations, is his e nunciation of formulae 
for, the accurate determination of the^drjgmference of a circle and the 
value of 77 by the method of indjt^^fetejeries, a method which 
was re-discovered in Europe nearly three hundred years later by 
James Gregory ( 1638-75 AD.) and Gottfried Wilhelm Leibnitz 
(1646-1716 A. D.). 3 His jive paraspara-nyaya contains the enun- 
ciation, probably for the first time in India, of the formula for the 
sine of the sum of two angles, sine (A+B)=sin A. Cos B + Cos A. 
Sine B. The study and interpretation, in terms of modern mathe- 
matics, of the enunciations of Madhava in his stray verses and in 
his full-fledged works is bound to yield valuable results in the history 

of Hindu astronomy. 

Date of Madhava 

Certain directions given in the Sphutacandrapti give a general 
indication of its date of composition. Thus, for the calculation of the 
Mean Sun we are asked to subtract from the current Kaliday the 



1. See K.V. Sarma, "Date of MHdbava, a little-known Indian astronomer", 
Quarterly til. of the Mythic Society, (Bangalore), 49 (1958-59) 183-86 ; Intro, to 
the editon of Venvaroha , pp. 8-9 ; History of the Kerala school of Hindu 
astronomy, (Hoshiarpur, 1972), pp. 51-52, 151. 

2. In my Htstory of the Kerala school of Hindu astronomy, op. ext., 
pp. 32-33, 117, I had mentioned this text as an anonymous work related 
to the Venvctroha of Madhava. However, a closer examination of the work 
with a view to editing it established its being an earlier work of Mndhiva 
himself. 

3. On this, see History of the Kerala school of Hindu astronomy, op. cit., 
pp. 20-26. 
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khania 15,02,008 and 5180 anomalistic cycles of the Moon. If 
there be further days, the number of such days has to be multiplied 
by the mean daily motion and added (verses 20-21). This would show 
that the work was composed about this time. This date would be 
15,02,008 days (Kali 4112, A.D. 1010) plus 5180 anomalistic cycles of 
the Moon (390 years), i.e., about 1400 A.D. 

Madhava's recently identified work, Aganita, also gives a clue 
to his date. Indicating the sodhyabda-s ('deductive years') for the 
computation of the planets, the author states ; 

1320 

1318 

1340 
1158 
1301 

1276 

The 'deductive years' for the different planets Mars etc. are 
£aka 1320, 1318, 1340, 1158, 1301 and 1276, corresponding to A. D. 
1398, 1396, 1418, 1236, 1379 and 1354. In consonance with the 
principle of iodhyabda-s, these figures represent the largest number 
of years possible to be cut off for the different planets at the time 
when the work was written. The date of composition of the work 
would thus, be just ahead of the largest 'deductive year' mentioned, 
which in the present case, is A.D. 1418. 

A clue to the date of birth of Madhava is provided by that of 
his younger contemporary and pupil, Paramesvara who was born 
c. 1360. 

From the above considerations Madhava could be supposed 
to have lived between A. D. 1340 and 1425. 
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INTRODUCTION 



OBJECT OF THE WORK 

The Sphutacandrapati Madhava enunciates an easy and ingenious 
method which would enable one to compute True Moon at in- 
tervals of about 40 minutes each, throughout the day. Now, amongst 
the celestial bodies, the Moon has not only the fastest motion, of 
about 13° per day, but also the greatest variation in motion. On 
account of this, True Moon for any specific moment if calculated by 
the rule of three using its true position and motion, at sunrise, as is 
generally done in the case of the other planets, cannot be expected to 
give correct results, the possibility of error being as large as 10 
vinadikas. Even if the calculation is done using its true position and 
motions at sunrise and sunset, the results obtained would still be 
far from accurate. Accurate results can be obtained only by the 
second or third differences, which, however, would entail inordinate 
labour. The method described in the present work obviates this 
labour and makes it possible to read out from a chart the True 
longitude of the Moon accurately at nine times a day, at intervals 
of a little over six and a half riadikas (2 hrs. 40 min.). From 
the True Moon at the quarter (40 min.) of these intervals, the True 
Moon at any moment falling within any such 40-minutef-interval can 
be calculated by the rule of three, to get remarkably accurate results. 
The fact that calculations are made correct to seconds adds to the 
accuracy of the results. 

PRINCIPLE OF THE METHOD 

Certain peculiarities of the popular Moon-sentences {Candra- 
vnkyas) of the Kerala astronomer Vararuci have provided the clue to 
our author for devising the method described here. The said 
sentences comprise of 248 expressions couched in the Katapayudi 
notation and give the longitudinal positions of the Moon for con- 
secutive days contained in 9 full lunar anomalistic cycles of 27 days, 
33 nadikUs and 16-24/55 vinadikas each. These Candravakyas can be 
used from the moment when the anomaly is zero, i.e., from the con- 
junction of the Moon and its Higher Apsis (Candra-Tunga'yoga), 



Sphufa— 3 
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which occurs at the end of every anomalistic cycle, which may be 
at any time of the day and not necessarily at sunrise. 

At sunrise, say, on the current day, suppose a full days and b 
part-day have gone by since when the anomaly was last zero. This 
would mean that we can commence using the Candravakyas, one per 
day, from the moment which is exactly (a+b) days before the current 
day.' Now, let us consider a moment which is b day before the current 
day'. Since b is only a fraction of a day, this Moment will fall in the 
previous day, its nddi-vinadi being the same as the moment of the end 
of the cycle a days ago. So, if we add to the Moon's Dhruva (zero 
correction) at the end of the cycle, the Moon-sentence equal to a, the 
result will be the True Moon {jCandra-Sphutd) for that Moment on 
the previous day. 

Now, the above argument will apply not only for the end- 
moment of the last cycle, but also for the end-moment of any cycle 
before that, the corresponding Moments being exactly (a+b) 
days+1 cycle, (a+b) days+2 cycles, (a-rb) days + 3 cycles etc. before 
sunrise on the current day, (i.e., the end of the final Kalidina, for the 
current day). Only, for every additional cycle by which the moment 
is pushed backwards, a zero-correction of 3°-4'-7|§", which is the 
Dhruva for one cycle, will have to be deducted. 

For nine such previous zero anomalies (by the reckoning of 
which one full series of 248 days and 248 Candravakyas would be 
exhausted), True Moons can be obtained at nine Moments on the day 
previous to the current day, i.e., the last day of the Kalidina. The 
intervals between consecutive Moments will be a little more than 6£ 
nudikas, and a quarter thereof, for which the longitudes could be 
calculated by the rule of three, would be about 40 minutes. 

If the true Moons at the nine Moments are required for the 
current day and the succeeding days, tbey could be had by adding 
the succeeding relevant Candravakya in place of the vakya first 
used. For this reason, when the Moments, Vakyas and True Moons 
for any day, during a 248 day period, have been calculated and 
duly entered in a Table, the Tables for the further days could be 
prepared with ease therefrom. 

It is to be noted here that this method depends on the accident 
that an anomalistic cycle does not consist of a whole number of days, 
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in which case, one would, again and again, be getting the same longi- 
tude and that for the same moment. 1 

It is again to be noted that, in order to secure a high degree 
of accuracy, the author has devised a new set of Moon-sentences, 
correct to the second, for use in the calculation of the Moon by the 
method set out in the present work, 2 in place of the commonly used 
Candravakyas of Vararuci which are correct only to minutes. 3 



METHOD OF WORKING 

Dhruva-sadhana 



In actual working, the author has introduced several ingenious 
innovations with a view to lighten the labour involved and to arrive 
at quick results. Thus, by calculating backwards, he has arrived at 
an Epoch (Khanda-dina), viz., Kclidina 15,02,008 (dinanamranujasya) 
(verse 5), at the end of which a conjunction of the Moon and its 
Higher Apsis (Candra-Tunga-Yoga) had occurred. Thus, an ano- 
malistic cycle of the Moon commenced at sunrise, at the expiry of the 
said Khanda-dina, thereby removing the part-day, viz., b oi (a+b) 
days (vide supra), and enabling calculations with full days. 

For computing the True Moon on any particular day, subtract 
the above Khandadina from the Kalidina for that day and find out 
the number of completed anomalistic cycles which have gone by 
subsequent to the epoch. For this, the remaining days (Khanda-sesa) * 
is asked to be multiplied by 6845 (iivaduta) an d divided by'l88 611 
(paryaptahrdaya), the underlying reason being that the period of a 
cycle is given by the fraction 138,6! 1/6845 days which works out to 

JjTlu l a4mS ' l6 - 2 *' 55 (verse 5). The quotient is 

called the F irst result' (Agrimaphala). The further eight results 
also noted by reducing [the quotient progressively by 1, 2 etc 



VakJ s ' ^ C TT C ° Uld b£ ° bviat£d by U3in «« instead of the current 

appropr' ia "; ^ CM,ttU Cted ^ of *a ys and applying them 

2 ;./° racrHcaleditio "of these Moon-sentences, which commence with 
Uam ra mahdriye t see Appendix I. below. 

b T 3 * 5°* editi ° n ° f Vararuci ' s Candravakyas, see Vakyakarana, Cr. ed. 
125-34 SdStn K ' V ' i ' aCma ' (K - S ' R ' Institute > Madras-4, 1962), pp. 
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These nine figures, which are termed Dhruva-sndhana-s, form the 
basis for the calculation of the Dhruvas etc (verse 6). 



Example : 

Kalidina taken =18,46,496 
Subtracting dinanamranusdsya =15,02,008 
Remainder (Khandaiesa) = 3,44,488 

No of completed cycles or 'First result' ^jOwjasesa X iivaduta 
' {Agrimaphala) paryaptah X daya 

3,44,488x6845 
1,88,611 
= 12,502 

Remainder =5,638 

The nine Dhruva-sadhanas will be 12,502 ; 12,501 ; 12,500;... 12494. 

Moon-sentence-Numbers (Vakya-sankbya-s) 

Next is to be ascertained the serial number of the Vskya, in 
the current anomalistic cycle, of the day taken, and those of the 
further eight Moments in the preceding eight cycles. Since the 
remainder left in the division for getting the full cycles gone by 
(verse 5) is really the number of days in the current cycle multiplied 
by 6845 (sivaduta), the said number can be retrieved by dividing the 
remainder by 6845. Again, since the preceding eight Moments will 
precede the first Moment successively by one full cycle each, their 
Wfl-numbers can be ascertained by adding 1,88,611 to the respective 
remainders and dividing by 6845 and adding the quotient got to the 
immediately preceding va/cjtf -number. 

Example (contd.) 1 2 3 4 5 6 7 8 9 
Remainders : 5638 2589 6385 3336 287 4G83 1034 4830 1781 

Vakya-numbers : 28 55 83 111 138 166 193 221 

Zero-Moments (Dhruvakala-s) 

Now, the first Moment (Dhruvakala) falls at Remainder / Hvaduta 
days before sunrise of the current day, or, in other words, 
- Remainder . _ ■ ^ shad^t a- Remainder ^ 
1 Ti^ia- ' * sivaduta 

12 

-< 6 H 5 ~ 7?em ^i^x60 nadikas =(6845— Remainder)— — — nafrkas 
~~ 6845 ' liW 
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after sunrise on the previous day. The preceding eight Moments 
will fall, similarly, at (6845 — relevant Remainder) j£f^ nadikns 
(verse 8). 
Example (contd.) 



Remainder 


{6845 — Remainder) 


Moment 






na. vina. 


1. 5638 


1207 


10 35 


2. 2589 


4256 


37 18 


3. 6385 


460 


4 2 


4. 3336 


3509 


30 45 


5. 287 


6558 


57 29 


6. 4083 


2762 , 


24 13 


7. 1034 


5811 


50 56 


8. 4830 


2015 


17 40 


9. 1781 


5064 


44 23 



Zero-Correction to longitudes (Dhruva-s) 

Next is to be ascertained the Zero-corrections at the nine Zero- 
Moments {Dhruvaknla-s). The two items which go to make up these 
corrections are : (1) the Moon's longitude at epoch, and (2) the 
additional longitude due to the cycles which have gone by. For 
facilitating calculation, the author has isolated two lumps (Khandas) 
of cycles and indicated the corrections due to them : (i) 5105 (mana- 
kama) cycles, the longitude due to which added to the zero-correction 
at the epoch, viz., Kaliday 15,02,008 {dinanamranusasya), gives a result 
ending in complete minutes, being 5 r -24°-4T {sattvavan mmah), and 
(ii) 69 (dhrti) cycles, the longitude due to which, again ending in 
complete minutes, is 7M°-44" (visvaikanathah). For each additional 
cycle, the longitude is given as 3°-4'-6f§" (verse 10), which is 
1/69 of 7 r -l°-44" In actual practice, however, it is sufficient to 
calculate the correction for the First result (Agrimaphala, verses 5-6) ; 
Since the further eight results are successively 1 less than the First, 
their corrections can be had by diminishing the previous corrections 

by 3°-4'-6 J^L" 
23 

Example (contd.) 

The corrections, in the example taken, calculated as above 
would be : 

(i) 6 r 13° 12' 37" 

(ii) 6 10 8 30 
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(Hi) 


6* 


V 


4' 


23" 


(iv) 


6 


4 





17 


(v) 


6 





56 


10 


(vi) 


5 


27 


52 


3 


(vii) 


5 


24 


47 


56 


(viii) 


5 


21 


43 


49 


(ix) 


5 


18 


39 


42 



Table of Longitudes 

The above results have now to be adapted for nine Moments in 
the Kaliday taken, in order to enable the corresponding longitudes 
to be read out with ease. For this the nine Moments are rearranged 
in the ascending order and posted in a table with the corresponding 
Vakyas, Vakyasankhyns and Dhruvas against each. The sum of the 
VQkyas and the Dhruvas will give the Sphuta (True longitude) of the 
Moon at the different Moments. 



Table 







Vakya- 












Moment 


sahkhya 


VSkya 




Dhruva 


True Moon 


na. 


vina. 




r o ' " 


r 


o ' " 


r 


o ' " 


4 


2 


55 


4 49 26 


6 


7 4 23 


6 


11 53 49 


10 


35 








6 


13 12 37 


6 


13 12 37 


17 


40 


193 


22 54 2 


5 


21 43 49 


6 


14 37 51 


24 


13 


138 


18 4 36 


5 


27 52 3 


6 


15 56 39 


30 


45 


83 


13 15 11 


6 


4 17 


6 


17 15 28 


37 


18 


28 


8 25 46 


6 


10 8 30 


6 


18 34 16 


44 


23 


221 


1 1 19 52 


5 


18 39 42 


6 


19 59 34 


50 


56 


166 


26 30 30 


5 


24 47 56 


6 


21 18 26 


57 


29 


111 


21 41 9 


6 


56 10 


6 


22 37 19 



As instructed earlier, the above Chart can be re-adjusted to give 
the True Moon for the nine Moments on any other day if the Vakya 
for the required day is used in place of the vakya used here. 



Corrections for the True Moon 

The True Moon read out from the Chart would be correct only 
as reckoned from the zero meridian at Ujjain. It has, therefore, 
to be reduced to the local place, by the application of corrections 
for the Equation of time, Terrestrial longitude and Declensional 
Ascensional Difference, before the Chart becomes ready for use. 
These corrections are derived in the manner generally prescribed in 
astronomical manuals. 



Correction for the Equation of Time (Bhujantara-samskara) 

In the calculation of the Mean Sun {Surya-madhyama) required 
for this correction, the labour is lightened, again, by the use of a 
Khanda. It is instructed that for 5180 (adikurma) cycles, the Sun' s 
Dhruva is ll r -ll -5'-H" (karkasanekakaryakrt). For the further 
completed cycles, it is 27°-9'-28^ f " each. That for the days etc. 
elapsed in the current cycle is to be found by multiplying the same 
by the Mean Daily Motion of the Sun, viz., 59'-8 i s 7 -. The sum of these 
three would give the Mean Sun, which has to be calculated for the 
nine Moments (verses 22-23). 

Exumple (contd.) Dhruva 
First result 12502 

Less 51 80 (adikurma) cycles 1 1M l°-5'-1 1" 

Remainder=7322 

Dhruva for 7322 cycles at 27°-9'-28" 

per cycle 9-19-14-56 
Do. at - 3 V per cycle 35.25 

Vdkyasahkhya of the day=0 

Sun's motion for 0°== OX 59'-8- 4 V 

Mean Sun at sunrise 9-0- 55- 33 

Mean motion for the relevant 

Moment, viz., 10«a.-35 vina. X 59'-8-A-" 10- 26 



Mean Sun for First result 9-1-5-59 



The Mean Sun minus its Higher Apsis (Mandocca), viz., 2 r -18° 
{dusta stri) will give its Kendra. This Kendra is converted into arc 
and its sine read off from the of Table of sines. This divided 
by 160 will give the correction for the Equation of Time {Bhujantara- 
samskara) in vinadikas (verse 24). 

Correction for Terrestrial Longitude 

The Correction for Terrestrial Longitude (Desantara-samskara) 
depends upon the east-west distance of the place in question from 
the Ujjain meridian which is to be known from tradition (verses 
25-26). 
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Correction for Decl. Ascensional Difference 

The R Sine of Sun-^/ws-precession in the sine table gunodyana 
(153) etc. gives the Declensional Ascensional Difference (cara) in 
terms of gurvaksaras for places where the equinoctial shadow 
measures two ahgulas. For the place in question it will have to 
be derived from the above by the rule of three. The algebraic #um 
of these three corrections is now to be applied to the Dhruva-kalas 
(Zero-Moments) to get the Vakya-kalas (True Zero-Moments). The 
sum of the Vakyas and the corresponding Dhruvas will give the 
True Moon at these Vakya-kalas (True Zero-Moments) (verse 35). 

The True Moons now recorded in the Chart are for intervals of 
just over six and a half nndikns (about 2 hrs. 40 min ). The True 
Moons at one fourth these intervals might now be calculated by the 
rule of three posted in the chart so that the Moon at 40-minute 
intervals could be read out directly therefrom. 



COMPUTATION OF TRUE MOON 

BY MADHAVA OF SASl GAMAGR AM A 



^t^ri: sr*rafaCT ws**t: fa * waft uvu 

[ smmTfa ] 

1502008 
6845 188611 

'ftr^T^T nq; 11*11 

1. The Ms., Ker. Uni. 1055-A, begins with the words: %Tx: 

2. This line occurs among the extra verses after the work as : 
The last two letters have, later, been struck off and revise d i°ft*T m i 
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By 

MADHAVA OF SAftGAMAGRAMA 
(Invocation) 

1. I adore that divine effulgence (God Siva), which removes 
the root cause of worldly extistence (ana), is adorned by the river 
(viz., Ganges), and is shedding cool moonlight on account of the rays 
emanating from the moon ensconced in its crown. 

(Object of the work) 

2. (Herein below) is expounded the Computation of True 
Moon by means of placing, daily, one below the other, nine numeri- 
cal expressions ( vdkya-s ) as calculated from ( the time of ) the 
(previous) conjuction of the Moon and its Higher Apsis. 

3. (Ifever there be) one who is not delighted on hearing 
about this method, let him not accept it. To be sure, he will not have 
the ability (to practise it). 

4. Oh ! ye good souls ! I, Madhava, bow before you and beseech 
you. For, what does not one obtain from you who are bent upon 
elevating those who bend before you. 

(Dhruva-sadhana-s) 

5-6 From the elapsed Kalidays (for any desired date) deduct 
U khanda lump number of days, equal to) 15,02,008 (dinanam- 
ranusasya). Multiply the remainder (khandasew) by 6845 (sivaduta) 
and divide by 1,68,611 (paryaptahrdaya)i The quotient (got is 

att*. 1 ' A Rat !° nale 1 Dinanamranuiasya (15,02.008) is a Khanda (Lump of days) 

it;: j - whi ? h th ; M — Hi gher APSisaiein conjunctioI r at d :::i 

based Ll T mP th6rCf0re be diSCarded and ^eolations need be 

c es of th M rSmaining iKha ^ e ^- Now ' 6845 ^duta) anomalistic 
anom.l i° Q areC ° ntained in 1886 (Paryaptahplaya) days. Hence the 

° mai - 6tIC c ? cles completed during the Kha^em is given by the expression : 

Khand a desa X 6845 
1886U 
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6845 
188611 

6845 12 

1369 

5*_24°-47' 5105 
7r-l°_44' 69 

* 'ftvtaw'W afaPT "5-11 
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called Dhruva-sadhana and) is to be used for deriving the several 
Zero-corrections (Dhruvas) to be used for calculations which will 
be enunciated below. The first Dhruva (is to be calculated) using 
this quotient itself (Agrimaphala), while the further eight (Dhruvas) 
are to be derived from this Dhruva reduced increasingly by 1. 



(Moon-Sentence-Numbers) 

7. Divide the remainder (in the division in 5) by 6845 (sivaduta). 
The quotient obtained will be the first Moon-Sentence-Number 
( VdkyasahkhycX ). 1 The further (eight Sentence-numbers can be 
obtained) in the same manner from the division by 6842 (sivaduta) of 
the successive remainders to which 1,88 3 611 (paryaptahrdaya) has 
been added. 



(Zero-Moments) 

8. Subtract (each of the nine) remainders (obtained in 7) from 
6845 (sivaduta). Multiply the (nine) balances by 12 (priya) and 
divide by 1369 (dhrtalaya). The (nine) results obtained will be in 
nadikUs and are (to be called) Zero-Moments (Dhruvakala-s)* 



(Zero-Corrections) 

9. At the end of 5105 (manakama) (cycles) of the first (Dhruva- 
sadhana, viz., the Agrimaphala of 5-6), the Zero-correction, beginning 
with minutes, is 5 r — 24°— 27' (sattvavan ramah). For each increase of 



1 Rationale : The remainder (of the division in 5) is, in fact, the number 
of days in the current anomalistic cycle multiplied by 6845 (Sivaduta) ; hence 
the division of this remainder by 6845 to get days. It rrny be noted here that since 
188611 __ _ 

-£g^ days, 33 n3 , 16 vma. } the further Vakyasahkhyas will successively 

increase by 27 or 28. 



2. Rationale : 



Remainder (in verse 5) j „ . , 60 
days = Remamder X nafckas 



1 o 

= Remamder X — - — na^ikas. 
136b» 



SPHUTACANDRSPTI 
3 4 

<Jcftsfa* 5 ^riSTT 'tY^, 'fir'jnn: TOT: I 

7 23 

'g'surr faransns ^'tfu'sT fMfta^ n ? ©H 

5: *TT*f m 3* ^ aSTORi^m I 



1. Verses 13-14 occur among the extra verses after the close of 
the work. They are editorially inserted here in consonance with their 
sense and similar occurrence in this context in the Venmoha, the 
revised version of the present work, 
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69 (dhrti) (cjcles, thereafter), ihe increase in zero-correction is 
7r.jo.44' (visvoikanatha). 1 

10. (To get the Dhruva for) the remaining cycles, multiply the 
same by 3 (go), getting thereby degrees, by 4 (vi), getting thereby 
minutes, and by 7 (su), getting thereby seconds ; in the case of 
seconds, however, reduce them by 1/23 (of the number of the said 
cycles). 2 

(The Chart) 

11. When all the Dhruvas have been calculated (as instructed in 
9-10) and so also the Dhruva-kalas (as instructed in 8), arrange them 
in (the ascending) order, so that the smallest (Dhruvakala) comes 
as the first and the largest as the last. 

12. Alongside each (of the Dhruvakalas), chart the corres- 
ponding Dhruvas with their respective VakyasankhySs. Chart also 
the Phalas which enabled the calculation (of the above), for use 
(later) in the computation of the Mean Sun. 

13-14. Here (in the chart of verses 11-12, above), there will be 
apparent a natural order, irrespective of (the two) sides of the day, 
viz., day and night, as in climbing a bamboo tree (wherein the 
branches will be found equally distributed on its two sides). Thus, the 



1. Rationale : 5105 (manahama) anomalistic cycles are chosen in such 
a manner that their Dhruva added to the Dhruva of the Khantfa 15,02,008, 
( dlnanamrsnudasya ) ends in full minutes and not be carried forward to 
seconds. 69 {dhrti) is the least number of anomalistic cycles for which, too, the 
Dhruva will end in full minutes. 

It has to be remembered, in this connection, that the Dhruva 
5*.240-27' {sattvavan rSmah), includes in it the Dhruva of the elapsed Khanda 
also. Therefore 5105 {manakama) cycles should be reduced from the Agrimaphala 
°nly once, even if it is possible to reduce it by 5105 more than once. For further 
reductions, 69 {dhrti) and its Dhruva alone should be made use of. 

2. Rationale : For dhrti (69) Kendra cycles, the Moon's Dhruva^ dhrti 
(69) + viivaikanatha (7r-lG°-44'). Dhruva for 1 cycle = 

dhrti + vidvaikanatha ^_69*-7r-l -44 y 
dhrti ~~ $f 

= l".0r-3°.4'-6^ = l'-0r-3°-4'_ / 7 L.V' 

23 V 23 / » 

from which the completed 1 circle could be dropped. 



^ 33 SfrHUTACANfrRAPTt 

55 193 r 

3176 1035 2 7 

747 808 

H^ft^^ ^ ^^&5«ra : nun 



1. This and the next two lines occur in a slightly different 
form among the extra verses after the work, as : 

55 193 

3176 " 1035 

2. For $^ the ms. reads ^ta, which is wrong. The 
emendation is based on the parallel verse in the author's Venmroha. 

3. This line occurs among the extra verses after the work, as : 
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Dhruvas will be, in order, successively, greater than the one before, 
the Vakyasahkhyas being so in the descending order. If otherwise, 
the order will be reversed (in both). 

15. This method of work has been spelt out for (the benefit) of 
one who has forgotten the tradition. Otherwise, one would have 
an easy understanding thereof from tradition itself. 

16-17. When the Vakyasahkhya for a (particular) Dhruvakala is 
considered, the Vakyasankya next to it will be less than it by 55 (sasa) 
or greater than it by 193 (gulika). The (Dhruvas) for these two (viz., 
55 and 193 days) will be given by 3176 (tirthakahga) divided by 1035 
(mrgamka) multiplied, respectively, by 2 {pro) and 7 (su). The 
results, which will be in degrees, are to be added to or subtracted 
from the previous Dhruvas. 1 

18. When a Dhruvakala has been calculated from a number 
(viz., 6845 minus the remainder, vide verse 8), the subsequent 
(Dhruvakala-s) would have been derived from numbers increased 
by 747 (sarvartha) or 808 (dinadana)* 

19. In the case of a succeeding (Dhruvakala), all (the above - 
said) corrections should be applied, inversely. In the case of those 
removed by one, two or three (intervening Dhruvakala-s), the sum 
of the (relevant) corrections (should be similarly applied). 

20. Again, at 60 nadikns (after or before) a Dhruvakala, the 
corresponding Vakyasahkhya will increase or decrease by 1. But the 
Dhruva will not change. Indeed, this is a universal rule. 



1, Rationale : Now , J ^akaMa = 3176 = 3 o_ 4 ,_ 6 _22^_ 

mrgamka 1035 23 
Which is the Dhruva for one anomalistic cycle (vide 10). Since one cycle is 
equal to 27| days, roughly, {vide verse 7), Dhruva for 2 cycles or 55 days = 

2^ 3176 =vra tirthakanga 
1035 mrgamka 

Dhruva for 7 cycles or 193 day S =7 X ^ X- tlrthakah * a 

1035 mrgamka * 

2. This is demonstrated in the example worked out in tha Introduction 
above, p. 21, where the figures are : 460, 1207, 2015, 2762, 3509, 4256, 5064, 5811 
and 6558. 



Sphufa— 5 



3 4 S^tfUTACANDR&Pft 

*rafswi: *fvr:, *ftsfireta?t ll^U 

5180 ll'-ll^'-ll" 
27°-9'-28" 9 31 

[ ^FcTCH^T^ ] 
160 



4 (Of opp. page). Rationale : The Dfcru.afeaia-i have been reckoned a* 
from mean sunrise at Ujjajn. They should be reckoned from true sunrise of 
place, which depends on : (i) the Sun's equation of the centre, (u) the 
reduction to the equator, (HO the longitude of place, and (iv) the dedinational 
ascensional difference (carardha) at place foe that day. Of these, item (u)» 
neglected by earlier astronomer* like Aryabhafca, and not given by our author 
in this work, following Aryabhata, though he must have known its need. Item 

(i) is given here. 

The equation of the centre is taken a, 129' X R Sin Manda-kendra / 3438 
(Arvabhata) and the True Sun rises earlier or later, as this is negative or 
positive, at the rate of 1 prnna of time per minute of arc. Therefore, it i. 
equal to R. Sin Manda-kendra X 129/ (3433 X 6) = R. Sin Manda-kendra / 160 
in vinadikas, and is additive for the first six signs of Manda-kendra and 
subtractive for the next six. 

It may be noted that item (iii) is given in verses 25-26 and item (iv) in 
verses 27-32, below. 
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(Correction to the Dhruvakala-s) 

21. To the Dhruvakalas derived in this manner, along with 
their Vakyasohkhyas and Dhruvas (verses 16-20), or calculated in the 
manner enunciated before (verses 7-9), another correction has to be 
applied. That is stated hereinbelow. 



(Mean Sun) 

22-23. At the end of 5180 {adikurma) (anomalistic cyles) con- 
tained in the first result {Agrimaphala, being the first Dhruvasadhana, 
vide verses 5-6), the Mean Sun, correct to the seconds, is ll r -n°-5'-ll" 
(karkasSnekakaryakrt). 1 For each remaining (cycle) the Mean Sun 
is (to be calculated at the rate of) 27°-9'-28" (daradhlnasukham) 
plus 9/31" {dhi\yugaf (and added). Again, (is to be calculated and 
added, the Mean Sun) for ( the number of days equal to ) the 
Vakyasahkhya and for that portion of the day under consideration 
upto the time (of each Dhruvakala). 3 



(The Correction for the Equation of Time 
due to the Equation of the Centre) 

24. The sine of arc of the difference between the Mean Sun and 
(the Sun's) Higher Apsis ( viz., 2 r -18°, dusta strl ) divided by 160 
(stapa) would give vinadikasS These should be added (to the 
Dhruvakalas) if Sun minus Apsis (Kendra) is less than a half-circle 
(6 r ) and subtracted if greater. 



1. Rationale : 5180 {adikurma) is a certam number of anomalistic 
Kk/ ^ ean f ° r which P« iod ^ a*fcd to the Mean Sun of the 
fir t ^ nan ™r*™^«) gives a result in full seconds, „z.. 
li ll0 _5 —11" (karkadQnebakaryakrt). 

2. Rationale: The Mean Motion of the Sun in one anomalistic cycle is 

27o.9:23-^-=daradhznasukham+~-^hl. 

Ji yuga 

3- The Mean Motion of the Sun for this calculation, as given in the 

author's Vewaroha, (verse 33), is 59' -8 - 8 " 

j 7 • 

4. (See opposite page). 
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158 

153 305 457 607 

g^rft^TJf wfttfti *Rfa?T: s?tt<t?t: t 

756 903 1048 1190 

gTRR sNrrfto fafsr°zrc: ii^ii 

1329 1464 1595 1721 

sRr^RT* sfta*nfr snprwf TO«ff^r i 

1840 1953 2059 2156 

*nrtor s^rftw wPt^st smm: n^n 

2245 2323 2391 2448 

ftrcRTfa *T#K: ^ToSHTC fensgrc;: 1 

2493 2525 2544 2551 



OF SANGAMAGRAMA MADHAVA 



37 



(Correction for Terrestrial Longitude) 

25. Then again, the corrective (vinudikas), on account of the 
place (in question) being situated to the east or west of the central 
(Ujjain) meridian, (has to be calculated). Its measure (for the place) 
is to be known from the traditional knowledge of the learned. 

26. Therefore, when the correction in minutes to the Mean 
Moon (for the place, as got by tradition) has been found to be 
additive or subtractive, the minutes are to be multiplied by 255 
(sisira) and divided by 56 (tama) and applied inversely as vincidikas. 1 



(Correction for Declinational Ascensional Difference) 

27. The True Sun is then computed and the precession added. 
Its R Sine in the Sine Table (below) beginning with 153 (gunodyana) 
is then noted in order to compute the Declinational Difference 
(Cara-dala). 

28-30. Sr. No, Guryaksaras (2/5 second) 



(1-4) 


153 


305 


457 


607 


(5-8) 


756 


903 


1048 


1190 


(9-12) 


1329 


1464 


1595 


1721 


(13-16) 


1840 


1953 


2059 


2156 


(17-20) 


2245 


2323 


2391 


2448 


(21-24) 


2493 


2525 


2544 


2551 



1. Rationale : The sun rises at the rate of 10 vina&kas earlier or later, 
as the place is 1° east or west of the standard meridian and this is additive or 
subtractive, respectively, to get the true Dhruvakala, Expert astronomers find 
this time by various means, and usually express it in terms of correction to 
the Mean Moon, which, obviously, is negative for the east, and positive for 
the west. This is transmitted through tradition to succeeding astronomers. 
This can be re-converted into vinafckn s by multiplying the Moon's correction 
by 255 and dividing by 56. since the mean motion in 255 vinafrkas is 56". 
Since the correction-vins<Zt&a.f and the Moon's correctiqn are opposite in sign, 
the sign is asked to be reversed^ 
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15 

ft?HTT?n??r?Tt^f^s^^r, Prefix i 



1 . For tt^W the ms. reads r>* zr??r and for sri?crt at the end of the 
line it reads =3T<TT, both of which are wrong. The emendation is in 
consonance with the parallel lines in the author's V?nvQroha, 
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31. It is to be noted that the above (table) gives the half-ascen- 
sional differences (Cara-dala) expressed in terms of gurvaksara-s and 
pertain to a place where the equinoctial shadow is two fingers' 
breadh (angulas)} 

32. (When the equinoctial shadow of the place in question is) 
less or more than (2 ahgulas), (the half-ascensional difference) will be 
proportional (to the shadow). Its positive or negative nature is to be 
understood from the Sayana-Sun being in (the six signs,} from aries 
(ajadi) or from libra (jukadi). 

33-34a. When the sign of all the three is the same, (the total 
correction) is their sum ; when one is different, (the total correction) is 
the difference between it and the sum of the other two. The Vakya- 
kala-s duly corrected (as above) will be the (correct) Dhruvakala 
(True Dhruva-kula-s). 

34b-35a. Fifteen (suka) nndikas corrected merely by the half- 
ascentional difference will give (the length of) the half-day. Those 
(Vakyakala-s) which are less than the length of the (full) day (i.e., 
twice the half-day as found above) will fall during daytime and the 
other (Vakyakala-s) will fall during night-time. 



(True Moon) 

35b-36. The sum of the (relevant) Vakyas (Moon-sentences) 
and the (relevant) Dhruvas will give the True Moon-s (at those 
Vakyakala-s). The True Moon (for times) in between (two Vakya- 
kala-s) will have be calculated by interpolation. The Moon's motion 
during an interval is the difference between the two (relevant) True 
Moons (and hence the said interpolation). 



1. This would correspond to a region having a latituda of like Central 
Kerala, from where the author of this work hailed. 
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(Another method for True Moon at any time during the interval) 

37. (Another method to derive the True Moon at any desired 
time is now stated. If the desired time is ) later ( than the 
Vakyakala nearest to it), some add 221 (kathora) to the Vakyasahkhyn 
and (if the desired time is) earlier, subtract from it 220 (nisthura). 
Or perform the operation with 27 (sukha) and 28 (duhkha), applied 
in the reverse order. 1 

38. Multiply the difference, i.e., the rate of the daily motion 
of the Vakya got, by the desired time, in nadikas, and divide the 
product by 60 (nati). The result should be added to the Moon's 
longitude (of the relevant Vakyakala) if (the desired time) is later 
and subtractad if earlier. 



(True Sun at desired time) 

39. In the case of the Sun, too, (its True position at any desired 
time) can be computed using its True Motion. Computation of the 
True Sun can be done also by finding the Mean Sun (at the time) 
using its Mean Motion. 

40. R Cosine of the Mean Sun-jw/niw-Higher Apsis is to be 
divided by 1550 (mmasaya) and the result applied to the Sun's Mean 
Motion, positively (when it is) in the six signs beginning with 
Cancer (Karki) and negatively in the six signs beginning with 
Capricorn (Nakra)* The True (Daily) Motion of the Sun is got. 



1. Rationale : Subtraction of 27 from above or addition of 23 from 
below gives the mid-vakya, whose rate is taken as the average for the interval. 
This rate being for one day or 60 nadikas, the division by 60 is done. Addition 
of 221 is the same as subtraction of 27, and subtraction of 220 is the same as 
adding 28. the total being 248. Either can be chosen according to convenience. 

2. Rationale : Since the Sun's equation of centre is proportional to the 
Sun's Sin Manda-kendra. the variation in it causing true daily motion is 
proportionate to the Cosine, and, therefore, zero at 90° and 270° of Kendra. 

Sphuta — 6 



42 S^HUfACANDRXPTt 

8 31 

10 r -27°-3'-10" 6 I -8*-56'-50' / 

10 r -25°-4 -25" e'-lO'-SS'-SS" 



1 . This verse occurs among the ex'ra verses after the work and 
has been inserted here in consonance with its parallel verse in the 
author's Veqvaroha. 
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41. Alternatively, take the reading for Sun-mwiw-Higber Apsis 
in the Sine Table beginning with janena} Add to it 1/31 (yugOmsa) 
of itself and apply the result, taken as seconds, to the Mean Motion 
of the Sun, its being positive or negative being the same as before, 
(i.e., as stated previous verse). (The Sun's True Motion is got). 

42. The two positions of the True Sun (in its course) correct to 
seconds, when its daily motion is exactly 1°, are 10 r -27°-3'-10" 
(istahganasakho nityam), and 6 r -8°-56'-50" (nissesamadanartinut). 

43. The Mean Sun-s at these positions are, according to 
Aryabhata, 10 r -25°-4'-25" (saurlva nah sironamyah) and 6 r -10°-55'-35" 
(suit susminiketanah). 

44. When the (true) position (Sphuta) (of the Sun) is equal to its 
Higher Apsis, it will have the slowest motion. And, when it is equal 
to its Lower Apsis, it will have its fastest motion. 

45. The corrections prescribed for the Dhruvakalas are to be 
(computed and) applied also to the mnemonics for the Sun's transits 
(from one sign to another) so that correct results might be obtained. 

46. This correction can be applied inversely also to the 
Ahargana (Total number of Kalidays up to the current day). When 
corrected in this manner, it will give the True Ahargana which 
elapsed at sunrise (on that day). 



1. This is the table of the MandajySs of the Sun enunciated in the 
Grahacsranibandhana of Haridatta (ed, K.V. Sarma, K.S.R. Institute, Madras, 
1954, p. 19) • 

8 17 25 33 41 49 57 64 
(1-8) 3T?to S&fT faf^TT *T^T &Ff SRffpT I 

72 78 85 91 97 102 107 112 
(9-16) ^rcm jf^f ^5 l&KK §ft<T ^<T^: | 

116 119 121 124 126 128 129 129 
(17-24) cTH*^ *n?TO TTO Vtt WTO j^f TOT «CTT37: H 

These are the Sun's equation of the centre for every 3f° of Kendra 
beginning from 0» to 90°. These are proportionate to Sin Kendra. When shifted 
by 90°, so as to begin from 90° onwards, these will be equal to the Cosines, and 
proportionate to the variations in the equation of the centre causing the 
true motion. Since the constant variation is 1/6Q X (1+1/31) of 129*, the 
instruction to take it as seconds etc,. 



SPHUTACANDRAPTI 

5161 87 

35 277 

*?m'^'|t?TO s^ro ^Rr^^f^ hv^ii 

fire f>^3T tfmsfq- ^nr^sPr eresg ^: nv^l 

ffr #Rt c ?t ^5 ft atf to: tott i 
^faa; gfcror *??tot srftrat nfa: nicoii 

12°-2'-35" 

W TT¥: fW f^T STHF fafTO* I 



1. Verses 47-48 occur among the extra verses at the close of 
the work and are inserted here as required by their sense and propriety. 

2. For JT^qT *ffa5W?crer, the ms. reads, q^^FtRTfcKr I The 
correction follows its parallel verse in the author's Venvaroha. 

3. After this occur 7| verses, obviously written by Madhava 
himself, (see Preface, p. 10), 2\ of them being revised versions of 
verses in the text. The rest have been fitted into this edition on the 
basis of the parallel verses in the author's Veyvaroha, 
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(Node) 

47-48. The first result (Agnmaphala of verses 5-6) is reduced by 
5161 (kantam karma) and multiplied by 87 {sadana). From the result 
subtract 35 (mula) and add to the remainder its 277th {samssra) 
part. (The result obtained is in) minutes and is to be subtracted 
from 6' to get (the position of) the Node. Its position for the 
(different) Vakyakalas is to be computed proportionately using the 
Vakyasankhya-s in the same manner as that prescribed for the Sun.i 

(Conclusion) 

49. Stating but this much and that in a succinct manner, 
possibly certain details might have been left out by me, at places' 
under the presumption that those (details) are (generally) known! 
May all those (details) be before your (mind's eye). 

50. With a view to dispel the doubts of good men, the motion 
of the Moon has been set out in a proper manner, concisely, by a 
man of intellect (which I consider myself to be). 

51. By the very same person who composed the set of Moon- 
sentences, beginning with silam rajnah $riye (12°-2'-35"), correct 
to the seconds, has this work, too, been composed. 



(Thus ends 

THE COMPUTATION OF TRUE MOON 
by MSdhava of SangamagrSma) 



1. Rationale : It is taken that the motion of the Node is (87+87/277) 
minutes per Moon's anomalistic cycle. At 5161 Moon's anomalistic cycles 
after the Kha v da-dina, the K?epa for the Node is (35+35/277) minutes, 
negative. Hence the subtraction of 35. Since the Node's motion is retrograde, 
the total result is to be subtracted from the position of the Node at the 
beginning of Kali, which is 6 raiis. The use of proportion for the days gone 
during the current cycle is obvious, the motion of the Node being uniform, 
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1. This critical edition of the Vakyas is based on the following four 
independent mss. : A. Kerala Univ., Ms. No. MC 595-A ; 
B. Trivandrum Palace, No. 4116-B ; C. Ker. Univ., No. C. 
2297-C ; D. KotallUr Meletattu Mana Ms. 

2. A. $ ; B. m ; D ^ft f^^^tssJTicr I Some of the Vakyas in B 
and D are entirely different and represent different versions. 

3 . A. nT: ; B. |jr 

4. A. for q^^:, A reads 3^3, a scribal error on account of 
similarity in the Malayalam script. 
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39 


42 


216. 


ittmi mginmcT 


11 





20 


44 


217. 




n 


12 


48 


32 


218. 


>• 


n 


25 


5 


22 


219. 







7 


14 


2 



1. D. (rf'f: TSTTfa: 

3. D. ^Vd: <n%^R 

5. D. 3TT5^ 

7. D. sprit 

9 . D. SfcTToS' wfa 



2. D. tn?nfcTrat frnr: 

4. B.D. snfrr: 

6. B. ?fftr ^r<r^t 

8. b. ^t^ftq^ 

10. d. tfhmt stpt^«t: 



Vnkya No. 


Vahya 


220. 




221. 




222. 




223. 




224. 




225. 


"I 


226. 




227. 




228. 




229. 




230. 




231. 




232. 




233. 




234. 




235. 




236. 




151, 




Z JO. 




1 1 Q 




240. 


§faqiq: gqtei 


241. 




242. 





«DIX I 

Rasi T Bhaga° fCa/a V'ka/a 






19 


17 


43 


1 


1 


19 


52 


1 


13 


23 


59 


1 


25 


33 


31 


2 


7 


51 


36 


2 


20 


20 


59 


3 


3 


3 


48 


3 


16 


1 


32 


3 


29 


14 


51 


4 


12 


43 


37 


4 


26 


26 


51 


5 


10 


22 


52 


5 


24 


29 


16 


6 


8 


43 


10 


6 


23 


1 


16 


7 


7 


20 


10 


7 


21 


36 


18 


8 


5 


46 


17 


8 


19 


47 


4 


9 


3 


36 


1 


9 


17 


1 1 


8 


10 





31 


7 


10 


13 


35 


26 



l. D. fa(5r)rcrr: ^rf^: 

3. D. 'WfT sns^jft — 

5. d. *r<^(<Tt) *m> f| 



2. B. *mrrfa«i>: 

4. B. SF^r for cr£ 
6. D. ^oft 
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Vnkya No. 


V&kya 


Rati 7 


BhSga 


Kola' 


Vikala 


243. 




10 


26 


24 


33 


244. 




11 


S 


59 


27 


245. 




11 


21 


22 


4 


246. 


Tr>Tft erst; 





3 


34 


54 


247. 


5T5ft fT?ft*TS^ 





15 


40 


95 


248. 







27 


43 


29 



1. b. *ratsf*njf%T fern ; D. fswsrcg arfa*: 

2. d. sroenSr 

3. Ms. B carries the following two verificatory verses which set out a 
method for checking, in case of doubt, the correctness of any Sentence in the 
above Tabl? : 

248 

225 

*^rw 5T%r^3»T \i fits ^r^w ti 

Trans. : 248 (devendra) minus the number of the desired (i.e., the 
doubtful) Sentence is (to be termed) the former's Complementary Sentence 
(pratiyogika). Take the (two) Sentences above and below it and find their differ- 
ence. Subtract from this difference twice the Initial Sentence of the Table 
{viz., Mam rajriah Jriye). Divide this difference by 225 Oikhara) and subtract 
the quotient from the Complementary Sentence. Subtract the Remainder from 
the Final Sentence (of the Table, viz., dhiraglr bhasura). The result will be 
Sphufa— 8 



APPENDIX I 



the correct figures of the detind (if. dcultfu)) Serter ce. tfcvsis (stated) the 
'Checking of the Sentences'. 



Example 



Let the no of the doubtful Sentence be 50 
Complementary Sentence, (248 — 50) = 198 



r o 

Sentence above Do., viz , 199 = 3 7 9 5 

Do, below Do., viz., 197 = 2 11 41 31 



Difference 25 27 34 

Twice the Initial Sentence. 2X (0-12-2-35)= 24 5 10 



Difference 1 22 24 

Do. divided by 225, i.e., correction = 22 

Complementary Sentence (193) — 2 24 18 7 
Correction 22 



Difference (i.e., Corrected Compl. Sent.) = 2 24 17 45 
Final Sentence (248) = (12) 27 43 29 



Final minus Cor. Compl. Sent. = 10 3 25 44 



It may be noted that that the result is the value of the desired 50th 
Sentence, viz., bhSve smaro'ngananam syat. 

In ms. D, in continuation of the vakyas, the initial letters (pratiha-s), 
according to this ms.. of vakya numbers 11, 21, 31 etc. are given, obviously for 
facilitating recollection : 



(11) 


(21) 


(3D 


(41) 


(51) 


(61) 


V s * 










WW 

V 


(71) 


(811 


(91) 


(101) 


(111) 


(121) 














(131) 


(141) 


(151) 


(161) 


(171) 


(181) 












(191) 


(2J1) 


(211) 


(221) 


(231) 


(241) 


*3* r 
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Ms. D then continues with a verse for checking the correctness of any 
doubtful Sentence : 

248 

Trans.-. (Sentence number) 248 (devendra) minus the number of the 
desired (i.e., doubtful) Sentence (will give the number of the complementary 
Sentence) ; this (Sentence) when subtracted from the Final Sentence will give 
the (Rough) desired Sentence, (which needs the following correction). Find the 
difference between the Sentence just above (the desired Sentence) and the one 
bslow it, halve his difference and divide by 112 (priyakaS. Add the quotient to 
(Rough) desired Sentence (as found above. The result will be the correct 
desired Sentence). This is (the method) to derive the (doubtful) Sentence). 

Example ; 

Rough desired Sentence 

Let the no. of the desired Sentence be 50 
243 {devendra) minus 50 =198 

r o 

The Final Sentence (248) = (12) 27 43 29 

Do. minus Sentence 198 = 2 24 18 7 



Rough desired Sentence = 10 3 25 22 
Correction 

Sentence just above (199) = 3 7 9 5 

Do. just below (197) = 2 11 41 31 



Difference 25 27 34 

Half of difference 12 43 47 

Initial Sentence 12 2 35 



Difference 41 12 

Divided by 112, i.e., Correction 22 
Correct desired Sentence - 

Correction added to the Rough Sentence 10 3 25 22 

10 3 25 44 



It may be npted that this is lie 5Cth Sir.urce, lime :n au'vtat^rfm 



\5 -«9 



5 r -l 0°-7 '-40'"- 48"' 2 r -27°-3 3'-7"-1 2" 

fefa ^ HT^ fa^m, sn^i fal ^ft QTT I 
7 r -6°-57'-3 l"-0"' 6 r -22°-45'-7"-l 2"' 

3 r -24°-37'-26"-24"' 6 r - 1 5°-4'-19"-l 2'" 

l r -4°-30'-43"-12'" j ir. 16 o. 50 ^ 52 ^ 48 ^/ 
fsPTTtf? JPFFT^, ^^T>f f^T 2 II ^ II 

TTl qri #?TT f TTO>TT: ^^ft*T*p?JFTT*T I 
TT^cTHTWT ?FTT^if ^T^fa II \ II 



1. These three versus give the zero -corrections, correct to tat- 
para-s (l/60th of a second) for Moon etc. per yuga (aeon, of 
2,10,389 days). The verses occur in the GrahacHranibandhana (1.17-19) 
of Haridatta (A.D. 683) the basic manual of the Parahita school of 
Kerala astronomy (Ed. by K.V. Sarma, K.S. Res. Inst., Madras-4, 
1954), preceded by the following verses : 

BT^lc***^ s^RT '^T^^m*' (2,10,389) II ^11 

*t* *r 

2. sr^T ^Tir (corrupt), for t<t ^T^rr, which latter has been 
restored from tfje Grahacaranibandhana. 
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APPENDIX II 

ZERO-CORRECTIONS FOR THE AEON 





r 


o 


t 


n 


m 


Moon 


5 


10 


7 


40 


48 


Mars 


2 


27 


33 


7 


12 


Mercury 


7 


6 


57 


31 





Jupiter 


£ 




li 




7 




Venus 


3 


24 


37 


26 


24 


Saturn 


6 


15 


4 


19 


12 


Moon's Higher Apsis 


1 


4 


30 


43 


12 


Moon's Node 


11 


16 


50 


52 


48 



Foot by foot, ( the above verses ) are to be understood, as 
(giving) the Zero-corrections, correct to the tatpara ( 1/ 60th second), to 
the planets from Moon to Node, in order, per aeon. 
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'TTOT '^f*rf *ft* f STRlcT' I 

'srfcft t^t*|^tY "»T5r ^IforrorcnT' II ^ II 
'sfbft *R^iqV 'irryfMt ^ %*m 9 ti ^ n 

*f*B^f: sfttf * 'for* ^ fart 

'tft* T^^T' 'a?T«ft*rT^: ^TTI^^:' II V || 

'*fWt TRfft' 'faitf fqnsifafT: sfTOT:' II * U 

f #Nf ^tt^t qjnr *n%?r qfe^ ?r tort*' i 

'^kmrc: '$|>aft fe^R^R:' li I II 

't^ ^sft ^ fsfozft jftift ST#ffr:' II ^9 II 
grcrr?ft 'J^ftwm^&^r II =5 II 

'tfrfV wrr qjm' 'jftO ^it^t srcm §' u % n 
'l^f&ift *trV 'softer 5^: srr^r:* 11 ^© u 

srnft 'sfh"ter ^TTgfr ^trY ii \i n 
?^^rm ^tt^ ^re^t f<R*T*r: *p$f^<s£ : i 
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APPENDIX III 



SOME LUMP DAYS AND THEIR TRUE-MOON - 
ZBRO-CORRECTIONS 



Lump Days Zero-Corrections 





Rasi 1 


BhUga 


Kola 


Vikah 


16,45,705 


5 


1 


37 


34 


16,33,333 


7 


3 


49 


24 


16,20,961 


9 


6 


1 


14 


16.08,589 


11 


8 


13 


4 


15,21,985 


1 


23 


35 


56 


12,372 


9 


27 


48 


10 


12,124 


9 





4 


41 


9093 


9 


22 


33 


31 


6062 


10 


15 


2 


21 


3031 


11 


7 


31 


11 


2976 


11 


2 


41 


44 


2728 


10 


4 


58 


15 


2481 


9 


7 


14 


47 


2232 


8 


9 


31 


18 


1984 


7 


11 


47 


49 


1736 


6 


14 


4 


21 


1488 


5 


16 


20 


52 


1240 


4 


18 


37 


23 


992 


3 


20 


53 


58 


744 


2 


23 


10 


26 


496 


1 


25 


26 


57 


248 





27 


43 


29 



In the first part of each half-verse, the number of davs to be 
deducted are indicated. And, in the second part, the True Moon, 
being (also) the corresponding Zero-correction, correct to the second 
[ytkaln) f has been indicated. 
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srsra^Msrra; 24 b 


*PhsRT5tT*fa^ 31 b 


3p*te: ^*r$ft 2 a 


jftcSt fT^ts^fT App. III. 4 b 




HRf?fkl App. III. 8 b 


f%?r *T**Tfow App. H. l b 


^Usfam^RTcT 34 b 


appTsi fafcrcrrfe 22 b 


^rzn *k*r<ft 3 1 a 


srfwweRicn^ 19 a 


?T q% SIW*!T: ?g: 34 a 


STIWcirq-' mm 46 a 


cr^r q^srmtftar 1 5 b 


snfe^fa^ir 22 a 


<RT: Qzffiqj&R 18 b 


«n?re ?<m*r ^tr 1 1 b 


cKTCeKT<rci?P* 36 a 


ifa 50 a 


^Trsf^^ § ?m$Tr l o a 


5TI<%^ 2 1 a 


cicft ^fnfsreraf 5 32 a 


*f*m App. App. III. 7 a 


cf^T^sq-qT^ir 24 a 


^TOFft 43 b 


dcMi^i sr^nfe 4 1 a 


Wift fafar^r: 26 a 


cT«TT ^JTSqi* 39 b 


§^T^fTr^^t f^Jf 42 a 


Ztti fafcte 38 a 


s<r*ftrf>: 7#s*nar 14 a 


^ST^T ^msq"r*T 12 b 




crFs'ST ^Tsr^Tqrfe 25 b 


t^ft^R" £IW?r 1 6 a 


^ 5Tc«PRnTT^ 36 b 




=TVyf ^3TrT U rtTZpTTT? • 17 £1 


spT^cT ^fa^ff 47 a 


cft«f *TRT App. III. 6 a 


^facT *jfsp?r 50 b 


qonsR st^pfj 28 b 


^feszH^TT^fcTf 40 b 


^folSTWTTC 6 b 


3*ftaFf Titsfrr 28 a 


%m^ft^c% 33 a 
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INDEX OF 

3: m$ ^ 12a 
3Tmt?T?m 23 a 
f^«TRT?5r^JTra: 35 a 
fefa sig App. II. 1 a 
?t?rim!3$TT*iN 5 a 
^T: ST?ft JTJTH" App. III. Mb 
^ fasn ^sur App. III. 9 a 
erffT^fe^r J 3 b 
!W f^sffc^s^ 38 b 
«mr«T5Eft sfap«*ft 29 a 
sftsft fSnWft App. III. 2 b 
srerisraiisn; 8 b 
sTTO^rsPr l 8 a 
STwSro qn*ffs«r: 21 b 
5T^r?ffr:W5TT: 45 a 

^zii gorrftrer 29 b 
msl^^^s^ 20 a 
f^^pft^e^m: 44 b 
fftsft W I^FT App. III. 9 b 
TT^cTHT*^ App. II. 3 b 
qrailR wgiit App. III. 2 a 

"Tl^ ^ST App. If. 3 a 
<T«re> a^ls^ff cf 8 a 
sunrir synrSt 4 a 

^T^^^n^r 2 b 

sr^T?^|tfTT^ 47 b 
Hl^ T^^T *m^3RT 25 a 

Sphufa— 9 



VERSES 65 

fspnrtff ^im?ifr^ App. II. 2 b 
sftcftsr?5T: srnrV App. m. 5 a 

5I«r£f fefer^T 30 b 
TTST^nCT s&ffT App. III. 4 a 

vre^sr: sr«ra>JT?£ 4 b 
WTTirr^iI^VTfjfr: 4 2b 
$R %^ %tT^jt 33 b 
tt^f si^t: App. III. l a 
^f.qfsr^irfa 7 b 

*ft5lfw spiral^ App. III. 3 a 
^^^qwrref 37 b 
«rr*ft ?rt Tnsft App. in. 5 b 

55> App. III. 7 h 
HviRt fa 6 a 

facaife to*r 9 a 
si^ft *r^T*f ^cft App. III. 1 b 
srefaret^ 49 a 
sre^rctfisnrepf App. II. 2 a 
^Tfir^^qT smt ITO: 20 b 
^I^PTO^JTTTOI^ 23 b 
WRfoTRKIT^ «!TW 48 b 

^wrcrc*n*cr«n«ftss> 14 b 
fa$vrr?r: tosw: App. ill. 12 t 

fester faf5F5fFJ 41 b 
faSiflsNitaiT 39 a 
{qqiij vrstf TTFnfe 17 b 
faf^RTlfM? 51 b 
fa«R§T> STTift App. III. 10 b 
stsreft irt^r App. III. 8 a 



COMPUTATION 



OF TRUE MOON 



s£R3Tip J T^ 26 b 
ST^Tr 3?r: 1 6 b 
f^sr^sffatg 1 a 
fifJf^T^ 5 b 
f^ifwfiT: 30 a 

o 

fa«£TfT fe^TtcTT 7 a 
sHsf TiW. M 51 a ; App. I. 1 
^IT^ «Tf«rfta**T: 43 a 
«r3T«ft^ App. 111. 10 a 

sramt sftrilsfora 3 a 
wt«POT€ TT^ App. III. 12 a 

xT fast ^^T«l^ 9 b 
S facS 46 b 



arefac^T "^frf^ 11 a 
tfT*rWS5T3T^T^ 32 b 

f fl*r£fa 49 b 

g^orr fa^snsmg 1 b 
^q*rwn^<j 45 b 

ffl«i*T 313; 5ft App. III. 11 a 
S«farf : sftw App. III. 3 b 
^ft^ S^fa 27 a 
^cfuf ^sfcssftfr 40 a 

^zNmfa^T^ 3 b 
^^cr^arfrr: 44 a 

4 

f^T f^RTO 48 a 
^tOTR: 3Tr4V App. III. 6 b 



